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,QWURGXFWLRQ
,Q$(&GHVLJQSUDFWLFHVGHVLJQHUVRIWHQSXWFRQVLGHUDEOH >XQQHFHVVDU\@HIIRUW LQWRGHVLJQVROXWLRQJHQHUDWLRQ
RIWHQJRLQJWKURXJKUHSHWLWLRXVVWDJHVLQRUGHUWRVHHNYLDEOHVROXWLRQV&XUUHQWO\GHVLJQHUVXVXDOO\WDNHDGYDQWDJH
RI FRPSXWDWLRQDO VXSSRUW VXFK DV&RPSXWHU$LGHG'HVLJQ &$' DQG%,0 DW ODWHU VWDJHV+RZHYHU GXULQJ WKH
HDUO\VWDJHVRIWKHGHVLJQSURFHVVGHFLVLRQPDNLQJLVDYLWDOSDUWRIVROXWLRQJHQHUDWLRQ7KHGHJUHHRIDXWRPDWLRQ
WKURXJKWKHGHVLJQSURFHVVLVRIJUHDWLPSRUWDQFHWRWKHSURFXUHPHQWRIGHVLJQDOWHUQDWLYHV&RJQLVDQWRIWKLVLWLV
DFNQRZOHGJHGWKDWWKHXVHRIJHQHUDWLYHV\VWHPVDVDGHVLJQDXWRPDWLRQV\VWHPDWWKHHDUO\GHVLJQVWDJHVFRXOGEH
YHU\KHOSIXOIRUSUHVHQWLQJYLDEOH>GHIHQGDEOH@VROXWLRQVTXLFNHUDQGPRUHHIILFLHQWO\WKDQFRQYHQWLRQDODSSURDFKHV
+RZHYHU WKLV VKRXOG QRW REIXVFDWH WKH QHHG WR VDWLVI\LQJ WKH UHTXLUHPHQWV RI UHTXLUHPHQWV FDSWXUH LQIRUPDWLRQ
PRGHOOLQJDQGGDWDPDQDJHPHQWHVSHFLDOO\DVSURMHFWVDUHEHFRPLQJLQFUHDVLQJO\PRUHFRPSOH[*LYHQWKLVPXOWL
FULWHULD GHVLJQ SUREOHPV FDQ EH FRQVLGHUHG WKURXJK WKH DSSOLFDWLRQ RI *' WKH RXWFRPHV RI ZKLFK RIIHU QHZ
LQQRYDWLYHEHQHILWVWRGHVLJQHUVDQGWKHGHVLJQWHDP
'HVLJQHUV LQFXUUHQW$(&SURMHFWVPDNHXVHRIDGYDQFHGYLVXDOLVDWLRQDQGPRGHOOLQJWHFKQLTXHVRVWHQVLEO\LQ
WKHODWHUVWDJHVRIGHVLJQZKLFKRIWHQUHVXOWVLQORVLQJVRPHWKHGHVLJQNQRZOHGJHRIHDUO\FRQFHSWXDOSKDVHZKLFK
LVWKHRULJLQRIPRVWRIPDMRUGHFLVLRQV5DKLPLDQHWDO>@OLQNHGWKLVSUREOHPWRWKHQRQLQWXLWLYHLQWHUIDFHRIWKH
FRQYHQWLRQDO &$' WRROVZKLFKPDNH WKHP XQVXLWDEOH IRU VXSSRUWLQJ WKH W\SH RI UHDVRQLQJ DQG FRJQLWLRQZKLFK
DSSHDUV GXULQJ FRQFHSWXDO GHVLJQ SKDVHV 7R WDFNOH WKLV SUREOHP/HH HW DO >@ UHFRPPHQGHG WKH DSSOLFDWLRQ RI
SDUDPHWULFGHVLJQLQWHUIDFHVDVDQHZSDWWHUQLQ&$'DQG%,0DVWKHPHFKDQLVPVDUHFDSDEOHRISURGXFLQJGHVLJQ
DOWHUQDWLYHVFRQWUROOHGE\FHUWDLQUXOHVRUOLPLWVUHJDUGOHVVRIPRGHOOLQJDQGYLVXDOLVDWLRQVNLOOVRIGHVLJQHUV7KLV
DSSURDFKSURYHGEHQHILFLDOIRUGHYHORSLQJGHVLJQHUV¶FUHDWLYLW\E\HTXLSSLQJSURYLGLQJGHVLJQHUVZLWKV\QHFWLFVDV
DQ WHFKQLTXH IRU  IRUPLQJ LGHDV >@ DQG VXSSRUWLQJ  WKH GHVLJQSURFHVV WKURXJK WKH XQSUREOHPDWLF JHQHUDWLRQ RI
GHVLJQDOWHUQDWLYHV >@ WKURXJKDOWHULQJYDULRXVGHVLJQSDUDPHWHUVDQGREVHUYLQJ DQGUHIOHFWLQJRQ WKH UHVXOWV LQ
UHDOWLPH >@ 7R DGGUHVV WKHVH SUREOHPV WKH GHYHORSPHQW RI D 
*HQHUDWLYH %,0 ZRUNVSDFH
 WR SURYLGH GHVLJQ
FUHDWLYLW\IOXLGLW\DQGIOH[LELOLW\E\WKHDSSOLFDWLRQRIJHQHUDWLYHGHVLJQDSSURDFKZDVSURSRVHGE\$EULVKDPLHWDO
>@ 8VLQJ VXFK DQ LQWHJUDWHG SODWIRUP SODQ WKLV ZRUN FRQVLGHUHG WKH LQIRUPDWLRQ UHOHYDQW WR WKH GHVLJQ
UHTXLUHPHQWV DV WKH LQSXW WR WKH V\VWHP DQG WKH GHVLJQ DOJRULWKPV DV WKH GHVLJQ RXWSXW 7KH\ DOVR UHJDUGHG WKLV
SODWIRUPLQWHJUDWLRQKHOSIXOIRUGHVLJQHUVWRVROYHFRPSOH[PXOWLFULWHULDGHVLJQSUREOHPV
7KLVUHVHDUFKSUHVHQWVD*%,0IUDPHZRUNDQGFRQFHSWXDOWRROGHYHORSHGLQSDUWXVLQJDTXHVWLRQQDLUHVXUYH\
FRQGXFWHGE\$EULVKDPLHWDO>@7KHVXUYH\DLPHGWRH[SORUHGLIIHUHQW8VHU5HTXLUHPHQWV6SHFLILFDWLRQV856V
DQGYDULRXV DQJOHV RI LQWHJUDWLRQRI JHQHUDWLYH GHVLJQ DOJRULWKPV WR WKH H[LVWLQJ%,0SODWIRUPV DQG WR DVVLVW LQ
LGHQWLI\LQJWKHFRQFHSWXDOIUDPHZRUN¶VUHTXLUHPHQWVIRUWKH*%,0SODWIRUPWRPD[LPLVHWKHHIILFLHQF\RIGHVLJQ
WHDPVDQGRXWOLQHDQHZPHWKRGIRU%,0DSSOLFDWLRQVWRVXSSRUWWKURXJKRXWWKHGHVLJQSURFHVVLHIURPWKHYHU\
HDUO\FRQFHSWXDOGHVLJQVWDJHVWRILQDOGHWDLOHGGHVLJQSKDVHV
7KLV SDSHU LQWURGXFHV D QHZ DSSURDFK IRU VXSSRUWLQJ FRQFHSWXDO GHVLJQ E\ LQFRUSRUDWLQJ *' LQWR WKH %,0
DSSOLFDWLRQV$JHQRW\SHRI WKHGHVLJQZLWKLQD%,0DSSOLFDWLRQ LVSURSRVHG WRDOORZ WKHGHVLJQHU WRJLYH ULVH WR
QHZ GHVLJQ DOWHUQDWLYHV E\ FKDQJLQJ WKH SUHGHILQHG SDUDPHWHUV ZLWK UHVSHFW WR WKH GHVLJQ FRQVWUDLQWV DQG
UHTXLUHPHQWV7KHQWKHGHVLJQWHDPDPHQGDQGLPSURYHWKHSRSXODWLRQRIJHQHUDWHGGHVLJQVE\WKHDSSOLFDWLRQRI
%,0FDSDELOLWLHV7KLVPHWKRG HQDEOHV XVHUV WRPDNH XVH RI%,0FDSDELOLWLHV VXFK DV FROODERUDWLRQ VLPXODWLRQ
SDUDPHWULF IHDWXUHV HWF WKURXJK GHVLJQ $Q RYHUYLHZ RI WKH IUDPHZRUN DQG WKH FRQFHSWXDO GHYHORSHG WRRO LV
VXEVHTXHQWO\SUHVHQWHGDQGGHIHQGHG7KLVSDSHULQLWLDOO\GHVFULEHVWKHLQWHJUDWLRQRIWKHIUDPHZRUNDQGWKHQHDFK
HOHPHQW RI WKH SURSRVHG IUDPHZRUN LV SUHVHQWHG LQ 6HFWLRQ  7KH FRQFHSWXDO WRRO GHYHORSPHQW SURFHVV LV DOVR
GLVFXVVHGDVSDUWRIWKHVXSSRUWLYHUDWLRQDOH*%,0DGRSWVWKHVDPHDSSURDFKDVFRQYHQWLRQDODQGH[LVWLQJGHVLJQ
SURFHVVHV$OWKRXJK*%,0FDQKHOSVXSSRUWDQGGHYHORSGHVLJQFUHDWLYLW\IOXLGLW\DQGIOH[LELOLW\LWEULQJVDERXW
PLQLPDOFKDQJHVWRWKHFRPPRQGHVLJQSURFHVV7KHUHIRUHUHOHYDQWLQIRUPDWLRQWRWKHGHVLJQUHTXLUHPHQWVIRUPV
WKH V\VWHP LQSXW DQG WKH GHVLJQ DOJRULWKP JHQHUDWHV WKH GHVLJQ RXWSXW 7KH VXJJHVWHG V\VWHP RIIHUV D GHVLJQ
VROXWLRQEDVHGRQLQSXWGDWDVLWHGDWDFRQVWUDLQWVDQGUHTXLUHPHQWVDQGGXULQJWKHFRQYHQWLRQDOGHVLJQSURFHVV
WKHVDPHGDWDLVWDNHQLQWRFRQVLGHUDWLRQE\WKHGHVLJQHU*%,0FDQPDNHIXOOXVHRIWKHSRWHQWLDORIWZRH[LVWLQJ
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LQGLYLGXDOJHQHUDWLYHV\VWHPVLQSDUWLFXODUHPSOR\LQJSDUDPHWULFFKDQJHPDQDJHPHQWRI%,0DSSOLFDWLRQVZKLFK
FKDQJHVG\QDPLFDOO\DFFRUGLQJWRWKHJHQHUDWLYHPHFKDQLVPDWWDFKHGWKHJHQHUDWHGPRGHOV
%DFNJURXQGVWXG\
7KH IRFXV RI FRQWHPSRUDU\$(& GHVLJQ SURMHFWV LV LQFUHDVLQJO\PRYLQJ IURP DQ DUFKLWHFWXUHZLWK DHVWKHWLFDO
HPSKDVLV WRZDUGV SHUIRUPDQFHEDVHG VWUXFWXUH HQYLURQPHQW FRQVWUXFWLRQ VRFLRHFRQRPLFDOO\ DQG FXOWXUDO HWF
DUFKLWHFWXUH>@7KLVVKLIWLQGHVLJQDWWLWXGHLVLQYLWLQJDUFKLWHFWXUHWRDGRSWQHZWHFKQRORJLHVWKDWFDQVXSSRUWWKLV
WUDQVLWLRQ$(&GHVLJQHUVVWDUWHGDGRSWLQJWHFKQRORJ\IURPLQGXVWULDOGHVLJQPHFKDQLFDOHQJLQHHULQJDQGSURGXFW
GHYHORSPHQWV ZKHUH SHUIRUPDQFH WHQGHG WR SOD\ D FUXFLDO UROH DV ZHOO DV DGRSWLQJ QHZ FRPSXWDWLRQDO GHVLJQ
PHWKRGVVXFKDVJHQHUDWLYHDQGSDUDPHWULFDSSURDFKHVLVRPRUSKLFVXUIDFHVNLQHPDWLFVDQGG\QDPLFVWRSRORJLFDO
VSDFHVHWF*LYHQWKHVHFKDQJHVDQGQHZLQHUWLDWKLVUHVHDUFKH[SORUHVWKHSRWHQWLDORID%,0GHVLJQHQYLURQPHQW
LQWHJUDWHG ZLWK QHZ FRPSXWDWLRQDO GHVLJQ PHWKRGV LQ RUGHU WR PD[LPLVH WKHLU RSSRUWXQLWLHV *%,0 H[SORLWV
JHQHUDWLYH GHVLJQ IRU WKH FUHDWLRQ RI DOWHUQDWLYHV DW WKH HDUO\ GHVLJQ VWDJHV HVSHFLDOO\ WKH H[LVWLQJ SDUDPHWULF
DOJRULWKPVXVHGLQ%,0WRROVIRUPRGLI\LQJWKHFKRVHQDOWHUQDWLYHVLQFOXGLQJFKDQJHPDQDJHPHQWGXULQJWKHODWH
GHVLJQVWDJHVXSWRWKHFRQVWUXFWLRQSKDVH
0HWKRGRORJ\
'XULQJ WKHGHYHORSPHQWRI WKH WKHRUHWLFDO IRXQGDWLRQVRI WKLVVWXG\DPL[HGPHWKRGDSSURDFKZDVFRQVLGHUHG
DSSURSULDWH IRU XQGHUVWDQGLQJ WKH FRQVWUXFW UHODWLRQVKLSV DOEHLW ZLWK VSHFLDO HPSKDVLV SODFHG RQ TXDOLWDWLYH
WHFKQLTXHVWRHQDEOHDEURDGDQGGHHSXQGHUVWDQGLQJRIWKHFXUUHQWVWDWHRIFRPSXWDWLRQDOVXSSRUWXVHGGXULQJWKH
FRQFHSWXDOGHVLJQSKDVH%HVSRNHHPSLULFDODVVHVVPHQWWHFKQLTXHVZHUHHPSOR\HGWRLQYHVWLJDWHGHVLJQSURWRFROV
TXDQWLWDWLYHO\LQRUGHUWRGHWHUPLQHPHDVXUHVRIGLYHUVLW\WLPHUHODWHGHYHQWVDQGGHULYHGGHVLJQSURFHVVHV7KLV
ZDVFRQVLGHUHGLPSRUWDQWLQRUGHUWRVXSSRUWVWDWLVWLFDORXWFRPHDVVRFLDWHGZLWKGHVLJQSURWRFROGDWD7KLVUHVHDUFK
WKHUHIRUH HQGHDYRXUHG WR ³VHHN FOXHV´ WKURXJK SHUFHSWLRQV RI WKH GHVLJQ VXSSRUW WRROV¶ µTXDOLW\¶ DQG
µDSSURSULDWHQHVV¶E\LQYHVWLJDWLQJGHVLJQSURWRFROVDQGDUWHIDFWV7KHUHVHDUFKXVHGSURFHVVPRGHOOLQJFRQFHSWVWR
GHYHORS DPXOWLGLVFLSOLQDU\ FRPSXWDWLRQDO IUDPHZRUN FRQWDLQLQJ WKUHHPDLQ OHYHOV SURFHVVPHWDOOHYHO SURFHVV
PRGHODQGGHYHORSPHQW7KLVSDSHUSUHVHQWVWKHSURFHVVPRGHOVWDJHRIWKHSURMHFWDQGKLJKOLJKWVWKHSRWHQWLDOVRI
WKHGHYHORSHGIUDPHZRUNDWWKHSURFHVVPHWDOHYHOSKDVH
7KHFRQFHSWXDOIUDPHZRUNZDVGHYHORSHGXVLQJDSURFHVVFHQWUHGHQYLURQPHQWIRUGHVFULELQJDQGHYDOXDWLQJWKH
HYROYLQJVRIWZDUHSURFHVV>@7KLVGHYHORSPHQWSURFHVVFRQVLVWVRIWKUHHOHYHOVPHWDSURFHVVPRGHOOLQJSURFHVV
PRGHO DQGGHYHORSPHQW LWHUDWLRQ'XULQJ WKHPHWDOHYHO WKH UHTXLUHG LQIRUPDWLRQDQGNH\FRQFHSWVZHUHJDLQHG
DQG FODVVLILHG WR SURYLGH JXLGDQFH IRU WKH GHYHORSPHQW SURFHVV >@ 7KHUHDIWHU WKH DFWXDO IUDPHZRUN ZLOO EH
DQDO\VHG FRPSLOHG DQG SRSXODWHG WKURXJK LQWHUYLHZV DQG REVHUYDWLRQV IURP H[SHUWV LQ %,0 DQG *' 7KH
GHYHORSPHQWSURFHVVZLOOEHDFKLHYHGXVLQJDQHZGHVLJQPHWKRGRORJ\EDVHGRQ6FK|Q¶V³reflective practitioner´
WKHRU\ >@ )LWWV¶V ³motor learning´ WKHRU\ >@ DQG WKHQ YHULI\LQJ LWV HIIHFWLYHQHVV ZLWK HPSLULFDO GDWD 7KH
UHVHDUFKZLOODGRSWµsequential mixed method research’, ZKLFKVWDUWVZLWKDTXDOLWDWLYHDSSURDFKDQGFRQWLQXHVZLWK
TXDQWLWDWLYHDSSURDFKRUYLFHYHUVD7KLVVWXG\ZLOOIROORZ&UHVZHOO¶V>@JXLGHOLQHVLQGHVLJQLQJWKHVHTXHQWLDO
PL[HGPHWKRGUHVHDUFKE\SXUVXLQJDVLQJOHUHVHDUFKDLP7KLVSDSHUSUHVHQWVRQO\WKHPHWDOHYHORIWKHSURMHFWLQ
RUGHUWRKLJKOLJKWWKHSRWHQWLDORIWKHSURSRVHGIUDPHZRUN7KHUHVHDUFKQDUUDWLYHLVSXUSRVHIXOO\DOLJQHGWRWHDVH
RXWERWKWKHSKLORVRSKLFDOXQGHUSLQQLQJVRIGHVLJQWKHRU\FRQWLQXXPper se,PDWFKHGDJDLQVWWKHSUDFWLFDOFRQVWUXFWV
RIUHVHDUFKSUDFWLFHLQFOXGLQJWKHWHFKQRORJ\DQGWRROVXVHGWRGHOLYHUWKLV

7KLV SDSHU EXLOGV RQ WKH ZRUN RI $EULVKDPL et al. >@ ZKLFK FRQGXFWHG D GHWDLOHG VWXG\ XVLQJ TXDOLWDWLYH
DSSURDFKWRDGRSWSURFHVVPRGHOOLQJWRGHYHORSDFRQFHSWXDOIUDPHZRUNIRU*HQHUDWLYH%,0:RUNVSDFH7KLVSDSHU
SUHVHQWVSDUWRIDQRQJRLQJUHVHDUFKVWXG\LQYHVWLJDWLQJWKHDXWRPDWLRQRIFRQFHSWXDOGHVLJQE\LQWHJUDWLQJRI*'
DQG%,0DVWKHFHQWUDOFRQGXLWSDUWLFXODUO\E\FRPSULVLQJERWKGHVLJQPHWKRGDQGFRPSXWDWLRQDODUFKLWHFWXUH7KLV
LVSRVWXODWHGDVEHLQJDEOHWRLPSURYH%,0¶VSHUIRUPDQFHGXULQJWKHFRQFHSWXDODUFKLWHFWXUDOGHVLJQSURFHVV7KH
UHVHDUFKDLPIRFXVHVRQH[DPLQLQJWKHIHDVLELOLW\DQGDSSOLFDELOLW\RILQWHJUDWLQJ*'DQG%,07KHPDLQIRFXVRI
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WKLV SDSHU LV WKHUHIRUHRQ WKH IRUPXODWLRQ LPSOHPHQWDWLRQ DQGSUHVHQWDWLRQRI*%,0 WR VXSSRUW WKH FRQFHSWXDO
GHVLJQDXWRPDWLRQWKURXJKDJHQHUDWLYHSURFHVV7KHILUVWSDUWRIWKLVSDSHUH[SODLQVWKHFRQVWUXFWVRIWKLVUHVHDUFK
LQFOXGLQJSUHVHQWLQJWKHGHWDLOHGIUDPHZRUNSRWHQWLDODQGEDUULHUV7KHVHFRQGSDUWRIWKHSDSHUUHSRUWVRQWKHWRRO
LQWHUIDFHDQGGHYHORSPHQW,WDOVRGLVFXVVHVKRZWKLVIUDPHZRUNFRXOGRYHUFRPHWKHLQKHUHQWSUREOHPV
*%,0)UDPHZRUN
,QWHJUDWLRQRIJHQHUDWLYHWRROVZLWKLQIRUPDWLRQPRGHOOLQJFRPELQHGZLWKDGYDQFHG'NQRZOHGJHULFKV\VWHPV
LVFUHDWLQJQHZSRWHQWLDOIRUGHVLJQLQJDQGFRRUGLQDWLQJDPRQJVWYDULRXVVWDNHKROGHUVLQ$(&>@7KHXVHRI*'
FDQEHGHILQHGDVH[SORLWDWLRQRISDUDPHWHUVFUHDWHGDWWKHHDUO\GHVLJQVWDJHV6LQFHWKHJHQHUDWHGVROXWLRQVWRWKH
GHVLJQ SUREOHP SRSXODWLRQ RI GHVLJQ DOWHUQDWLYHV DUH WKH UHVXOWV RI DQ DOJRULWKP FRQVLVWLQJ GHVLJQ FRQVWUDLQWV
URXWLQHVDQGGDWDILOHVE\FKDQJLQJWKHLQSXWVRIWKHDOJRULWKPWKHILQDOGHVLJQZRXOGEHDOWHUHGDFFRUGLQJO\OLNH
FUHDWLQJ D EDVLFPRGHO EDVHG RQ µRoutines’ DQG JHQHUDWLQJ GLIIHUHQW GHVLJQ DOWHUQDWLYHV E\ DGMXVWLQJ YHU\ EDVLF
GHVLJQSDUDPHWHUV

8VLQJWKLVDSSURDFKWKHGHVLJQFKDUDFWHUWREHJHQHUDWHGFDQEHGHILQHGE\WKHGHVLJQWHDPLQRUGHUWRUHDFKDQ
DSSURSULDWH OHYHO RI YDULDELOLW\:KHQ *%,0 LV XVHG D ODUJH QXPEHU RI GHVLJQ DOWHUQDWLYHV VROXWLRQV FDQ EH
VWXGLHGE\WKHGHVLJQWHDPWKURXJKWKHJHQHUDWLRQRIWKHLQLWLDOLQIRUPDWLRQPDSSHGE\WKHGHVLJQWHDPDORQJZLWK
*%,0¶VJHQHUDWLYHPHFKDQLVPV$OOWKHPRGLILFDWLRQVWDNHSODFHLQWKHFHQWUDO%,0VRIWZDUHXVLQJWKHDGYDQFHG
%,0PRGHOOLQJ IHDWXUHV 7KH IROORZLQJ VHFWLRQ GHPRQVWUDWHV KRZ WKH*%,0 IUDPHZRUN LV XVHG WR GHYHORS WKH
SUHOLPLQDU\FRQFHSWXDOWRRO
'HYHORSPHQW
5HFHQW WHFKQRORJLFDODGYDQFHPHQW LQEXLOGLQJGHVLJQ W\SLFDOO\ LQYROYHVVHYHUDOFRQIOLFWLQJFULWHULDQHHGV WREH
FRQVLGHUHGIURPWKHHDUO\VWDJHVRIGHVLJQ7KHUHIRUHGHVLJQSURFHVVHVUHSUHVHQWFRPSOH[PXOWLFULWHULDSUREOHPV
WKDWUHTXLUHVWUXFWXUHGDQGV\VWHPDWLFGHILQLWLRQDQGH[SORUDWLRQRI WKHXQGHUO\LQJGHVLJQVSDFHVDQGUHODWLQJVXE
VROXWLRQV >@ 7KH %,0 FRQFHSW DQG UHODWLQJ WHFKQRORJLHV SOD\ LPSRUWDQW UROH KHUH E\ SURYLGLQJ D
FRPSUHKHQVLYHGLJLWDOUHSUHVHQWDWLRQRIDEXLOGLQJWKURXJKRXWWKHHQWLUHGHVLJQSKDVHDQGWKHVXEVHTXHQWRSHUDWLRQ
&RQVLGHULQJDGYDQFHGFRPSXWDWLRQDOVXSSRUWWRROVIRU$(&GHVLJQDQGFRQVWUXFWLRQZKLFKSURYLGHVFRPSUHKHQVLYH
VXSSRUWWKURXJKRXWODWHGHVLJQXSWRFRQVWUXFWLRQDQGPDLQWHQDQFHWKHUHLVDYLWDOQHHGIRUFRQWLQXHVVXSSRUWDQG
DXWRPDWLRQE\ILOOLQJWKH%,0V\VWHPV¶JDSDWWKHFRQFHSWXDOGHVLJQVWDJH

7KLVUHVHDUFK¶VDFWLYLWLHVDGGUHVVIRXUPDLQSKDVHV)LUVWLWGHYHORSVXQGHUVWDQGLQJDQGV\QWKHVLVRIVWDWHRIWKH
DUWFRPSXWDWLRQDOVXSSRUWDW$(&FRQFHSWXDOGHVLJQVSHFLDODWWHQWLRQLVWREHSXWRQFRKHUHQWDXWRPDWLRQVROXWLRQV
IRUEXLOGLQJGHVLJQDQGFRQVWUXFWLRQSURFHVV7KHUHDIWHUWKHWDUJHWHG%,0*'HQYLURQPHQWIRUWKHQHHGRIYDULRXV
$(&GHVLJQHUVDWFRQFHSWXDOGHVLJQVWDJHLVMXVWLILHG7KH*%,0SURWRW\SHLVGHYHORSHGDIWHUZDUGWREHXVHGLQ
GHPRQVWUDWLRQ DFWLYLWLHV $W WKH ILQDO VWDJH RI WKH UHVHDUFK WKH SURWRW\SHZLWKLQ GHPRQVWUDWLRQ DFWLYLWLHVZLOO EH
WHVWHGWRGLDJQRVHDQGWURXEOHVKRRW6RIWZDUHGHVLJQFDQGLIIHUIURPHYHU\RWKHUNLQGRIGHVLJQDV

• ,WKDVDG\QDPLFSURGXFWVRIWZDUHDSSOLFDWLRQ
• 6RIWZDUHDSSOLFDWLRQVDUHVRPHFRPELQDWLRQVRILQVWUXFWLRQVDQGDFWLRQVZKLFKDUHWDNHQE\WKHFRPSXWHUVDQG
DUHUHODWLYHO\LQYLVLEOH
• 6RIWZDUHDSSOLFDWLRQVRIWHQFDQEHH[WUHPHO\FRPSOH[DQGGLIILFXOWWREHXQGHUVWRRG
• 7KHVWDELOLW\RIVRIWZDUHDSSOLFDWLRQVLVXVXDOO\IOXFWXDWLQJVRWKDWDPLQRUHUURULQWKHFRGHVFDQHDVLO\VWRSWKH
ZKROHV\VWHPIURPZRUNLQJ,WLQFOXGHVLWHUDWLYHHPHUJHQFHRIYDULRXVSUREOHPVLQWURGXFHGE\SUHFHGLQJ
VROXWLRQV

7KHDIRUHPHQWLRQHGSKDVHLVWKHGHYHORSPHQWRI*%,00RGHO7KHPDLQYLHZSRLQWLVWRKDYHPRGHOWKDWFDQ
JHQHUDWHDYDULHW\RIGHVLJQDOWHUQDWLYHVWKDWGLIIHULQRYHUDOORUJDQLVDWLRQDQGFRQILJXUDWLRQZLWKUHOHYDQWOHYHORI
GHWDLOV7KHRYHUDOOUHVHDUFKWDVNLVSUHVHQWHGLQ)LJ
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
)LJ2YHUDOOUHVHDUFK7DVN


7KLV SURMHFWZLOO IROORZ DPL[HG5DWLRQDO8QLILHG 3URFHVV 583 DQG5DSLG DSSOLFDWLRQ GHYHORSPHQW 5$'
PHWKRGRORJ\IRUGHYHORSPHQW)LJ


 )LJ$GRSWHG5835$''HYHORSPHQW3URFHVV
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'HPRQVWUDWLRQ
7KH UHVHDUFK DGRSWV -DQVVHQ¶V HYROXWLRQDU\ GHVLJQ DSSURDFK >@ FRPSULVLQJ GHVLJQ PHWKRG DQG VRIWZDUH
V\VWHP$V LW LV VKRZQ LQ*%,0 IUDPHZRUN )LJ WKHSURSRVHGPHWKRG LVGHVFULEHG LQ WKUHHSKDVHV FRGLQJ
JHQHUDWLRQ DQG PRGLILFDWLRQ &RGLQJ SKDVH LV IRUPHG E\ URXWLQHV DQG GDWDILOHV $W WKH URXWLQH FRGLQJ VWDJH D
JHQHUDWLYHSURFHVVLVGHILQHGZLWKWKHFDSDELOLW\RIPHWDPRUSKRVLQJDJHQRW\SHLQWRDSKHQRW\SHOLNHJHQHUDWLQJD
'PRGHORIDGHVLJQ$W WKHGDWDILOHFRGLQJVWDJHGHVLJQFRQWH[WDQGFRQVWUDLQWVDUH VSHFLILHG7KHJHQHUDWLRQ
V\VWHPXVHV WKH,QGXVWU\)RXQGDWLRQ&ODVVHV,)&IRUUHSUHVHQWDWLRQRI WKHJHQHUDWHGGHVLJQV8VLQJ,)&PRGHO
PDNHWKHUHSUHVHQWDWLRQRI WKHLQIRUPDWLRQGDWDDVVRFLDWHGZLWKWKHPRGHODYDLODEOHIRUXVLQJLQDGYDQFHDQDO\VLV
DQGVLPXODWLRQIHDWXUHVRI%,0DSSOLFDWLRQ8VLQJWKH*%,0DQH[LVWLQJ%,0DSSOLFDWLRQ$XWRGHVN5HYLWLVXVHG
DW WKH PRGLILFDWLRQ SKDVH $V WKH JHQHUDWLRQ V\VWHP LV LQWHJUDWHG ZLWK 5HYLW GHVLJQHUV FDQ PDNH XVH RI LWV
DGYDQFHGPRGHOOLQJ DQG DQDO\VLV IHDWXUHV7KHJHQHUDWLYH HYROXWLRQDU\GHVLJQ DVVLVWVGHVLJQHUV WKURXJK WKH HDUO\
GHVLJQ VWDJHV ZKLOH WKH %,0 SDUDPHWULF FDSDELOLWLHV SURYLGH D GLUHFW UHODWLRQ WR SK\VLFDO SURGXFWLRQ SURFHVV
FRQVWUXFWLRQ7KHSUHVHQWHGH[DPSOH LOOXVWUDWHVKRZ*%,0VXSSRUWVDQGHQKDQFHVFRQFHSWXDOGHVLJQ WKURXJKD
IOH[LEOHH[SORUDWLRQRIGHVLJQVROXWLRQVXVLQJDIXOO\DXWRPDWHG%,0V\VWHP7KHJHQHUDWHGPRGHOVLQWHUDFWZLWKWKH
%,0SDUDPHWHUVDQGLQIRUPDWLRQGDWD





7KHV\VWHPZLOOEHGHYHORSHGXVLQJDSURJUDPPLQJODQJXDJHHPEHGGHGLQ5HYLWDOORZLQJWKHJHQHUDWLYHSURFHVV
WRPDNHGLUHFWXVHRI5HYLWPRGHOOLQJ IXQFWLRQV0RUHRYHU WKH5HYLWZLOO DOVREHXVHGIRUYLVXDOLVDWLRQZLWKDOO
IHHGEDFN IURP WKH HYROXWLRQDU\ SURFHVV EHLQJ GLVSOD\HG LQ WKH V\VWHP LQWHUIDFH 7KHUH DUH HYROXWLRQDU\ V\VWHPV
GHYHORSHG >@ XVLQJ $XWR&$' DQG 6XQ¶V V\VWHPV >@ LQWHJUDWHG ZLWK 0LFUR6WDWLRQ *%,0 FDSWXUHV WKH
LQIRUPDWLRQDVVRFLDWHGWRWKHXVHUV¶ZD\RIGHVLJQLQJDVZHOODVGHVLJQUHTXLUHPHQWVDQGVLPSOLILHVWKHSURFHVVRI
PDSSLQJWKLVLQIRUPDWLRQE\XVLQJ9LVXDO'DWDIORZ0RGHOOLQJ9'00RUHRYHULWVXSSRUWVGHVLJQHUV¶LQWHUDFWLRQV
WKURXJKRXWWKHGLIIHUHQWGHVLJQSKDVHV$OVRWKHUHKDVEHHQVHYHUDODWWHPSWVWRPDNHDOLQNEHWZHHQJHQHUDWLYHDQG
SDUDPHWULFWRROVDQG%,0WRROVOLNH*HRPHWU\*\PWRHQDEOHH[FKDQJHRIJHQHUDWLYHWRROPRGHOVSULPDULO\XVLQJ
QHXWUDO%,0VWDQGDUGVOLNH6'1)&,6DQG,)&[>@EXWGXHWROLPLWDWLRQVRIJHQHUDWLYHWRROVLQSURYLGLQJ
DFFXUDWH LQIRUPDWLRQPRGHOV WKHVH VROXWLRQV RIWHQ IDLO WR SURYLGH DQRYHUDOO HQKDQFHG VROXWLRQ WR VRPH H[WHQW
ZKHUHDVLWLVLQWHQGHGWKDWWKHSURSRVHGV\VWHPZLOOHQKDQFH%,0DSSOLFDWLRQVIRUERWKJHQHUDWLQJDQGYLVXDOLVLQJ
IRUPV7KXVWKHHYROXWLRQDU\V\VWHPZLOOEHGHYHORSHGDQGIXOO\LQWHJUDWHGLQWKH%,0HQYLURQPHQW)LJXUH

)LJ*%,0IUDPHZRUN
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
)LJ&RQFHSWXDO7RRO,QWHUIDFH
&RQFOXVLRQ
7KHSDSHUSUHVHQWHGDYDOXDEOHVHWRIUXEULFVIRUGLVFXVVLRQLQRUGHUWRVXSSRUWDXWRPDWLRQLQFRQFHSWXDOGHVLJQ
VWDJH7KHSDSHU SUHVHQWHG D VLQJOH IOH[LEOH DQGG\QDPLF'HQYLURQPHQW FRQFHSWXDO SURWRW\SHZKLFK FRYHUV D
ZLGH UDQJH RI DUFKLWHFWXUDO GHVLJQ UHTXLUHPHQWV WKURXJK WKH GHVLJQ SURFHVV *%,0ZDV GHYHORSHG EDVHG XSRQ
SUHYLRXV UHVHDUFK LQFOXGLQJ$EULVKDPL et al. FRQFHSWXDO IUDPHZRUN >@ DQG$EULVKDPL et. al. >@ TXHVWLRQQDLUH
VXUYH\*%,0KDVWKHSRWHQWLDOWRHQDEOHDXWRPDWLRQDWWKHFRQFHSWXDOGHVLJQVWDJHE\DQDO\VLQJDODUJHQXPEHURI
SRVVLEOHGHVLJQVROXWLRQV0RUHRYHU*%,0LVFDSDEOHRIILOOLQJWKHJDSLQWKHFXUUHQW$(&SURMHFWVDQGPHHWVWKH
UHTXLUHGDXWRPDWLRQOHYHOWKURXJKRXWWKHGHVLJQDQGFRQVWUXFWLRQE\LWVLQQRYDWLYHLQWHJUDWHGDSSURDFK

1RWRQO\GRHV WKHSURSRVHGV\VWHPEULGJHWKHJDS LQH[LVWLQJ%,0SURFHVVHVEXW LWDOVRDWWHPSWV WRSURYLGHD
PHDQLQJIXOURDGPDSIRUIXUWKHUH[SORUDWRU\VWXGLHVRIWKLVQDWXUH±HVSHFLDOO\FRJQLVDQWRIWKHHYHULQFUHDVLQJOHYHOV
RISURMHFW FRPSOH[LW\DQG LQWHUFRQQHFWHG GHWDLOHGGHVLJQ LQIRUPDWLRQ7KHGHYHORSHG IUDPHZRUNDQGFRQFHSWXDO
WRRO ZLOO EH XVHG WR GHYHORS D ILQDO SURWRW\SH ZKLFK DFWLYHO\ HQJDJHV JHQHUDWLYH GHVLJQ PHWKRGV LQWR D VLQJOH
G\QDPLF%,0HQYLURQPHQW7KLVVWXG\FRQWULEXWHVWRH[WDQWNQRZOHGJHLQWKLVDUHDE\SURYLGLQJDµVWHSSLQJVWRQH¶
IRUGLJLWDO LQWHJUDWLRQRI DOO VWDJHVRI DQ$(&SURMHFW HVSHFLDOO\FRQFHUQLQJ WKH LPSOHPHQWDWLRQRI%,0/HYHO
&ORXG
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